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Background and objectives: Abnormal muscle response (AMR) to the electrical stimulation of a branch of
facial nerve is a speciﬁc electrophysiological feature of primary hemifacial spasm (HFS). The aim of this
study was to evaluate the value of AMR monitoring during microvascular decompression surgery (MVD),
and the correlation between the AMR changes and the clinical outcomes.
Methods: This study included 241 cases of MVDs. Intraoperative AMR monitoring was performed for each
subject. The patients were divided into two groups based on whether the AMR-disappeared or not
following decompression of the facial nerve.
Results: Postoperatively, 229 (95.0%) patients were relieved from the spasm, 215 (93.9%) occurred in the
AMR-disappeared group, 14 (6.1%) in the non-AMR-disappeared group. The correlation between intra-
operative AMR abolition and HFS relief was statistically signiﬁcant.
Conclusions: Intraoperative AMR monitoring was an effective assistant for a successful MVD for the
patient with HFS. It is worth being routinely employed during the operation.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Hemifacial spasm (HFS), a syndrome of unilateral facial nerve
hyperactive dysfunction, is a benign, chronic, involuntary move-
ment of one side of the face. It is a severe and disabling condition
that causes impairments in patients’ daily life.1 The etiology has
been generally agreed to be the result of vascular compression of
the facial nerve.2e4 Over the past three decades, microvascular
decompression (MVD) surgery has been exhibited as an effective
treatment of this condition.5,6 Nevertheless, spasm remained
followingMVDs have still been reported around 10%e30%,7,8 even if
it was carried out by an experienced neurosurgeon. Therefore,
a real time monitoring which can be employed to objectively
predict the efﬁcacy of MVD seems to be required.
For patients with HFS, an abnormal muscle response (AMR) can
be elicited by electrical stimulation of a branch of the facial nerve
and recorded from muscles innervated by other branches of the
facial nerve. It can be recorded pre-operatively and intraoperatively
in most patients. This response is useful for electrophysiological), listmdphd@yeah.net (S.-T.
uan@hotmail.com (X.-Y. Li),
ciates Ltd. Published by Elsevier Ltdiagnosis of HFS.7,9e11 It is especially notable that the AMR
observed in other muscles disappears immediately after the
offending vessel is moved off the facial nerve.11e13 So, it is supposed
to be a useful indicator in identifying the offending vessels and in
conﬁrming complete decompression of the facial nerve intra-
operatively. Accordingly, we conducted a retrospective study in
order to evaluate the role of AMR monitoring during the surgery
and the relation with the outcome.2. Patients and methods
2.1. Patient population
From March to June 2010, 241 consecutive patients with typical
HFS undergoing MVDs at Xinhua Hospital were included in this
study. Theywere 58males and 183 females, with amean age of 53.3
years (ranging from 19 to 84 years). The right side was affected in
122 patients and the left in 119.The length between onset and
surgery ranged from 0.5 to 28 years (mean 6.5 years). The diagnosis
of HFS was based on the clinical history of typical symptom and
physical examination. All patients underwent pre-operative 3D-
TOFmagnate resource imagine (MRI) scan to rule out other disease.d. All rights reserved.
Fig. 1. Typical changes of AMR during MVD. Intraoperative AMR monitoring depicting a gradual disappearance of AMRs during craniotomy (A), dura opening (B), decompression of
facial nerve (C) and closure (D), respectively.
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With the methods proposed by Møller,11 AMR recordings were
achieved from the mentalis muscle by electrical stimulation of
the temporal branch of the facial nerve and from the orbicularis
oculi muscles by stimulation of the marginal mandibular branch,
with an evoked potential system (Medtronic Keypoint 4, Dantec,
Denmark).
After induction of anesthesia using a short-duration muscle
relaxant, bipolar subdermal needle electrodes were inserted
0.5e1 cm apart subcutaneously on the affected side. Electrical
stimulation, consisted of square-wave pulses (duration: 0.2 ms)
was adjusted to supramaximal strength, and the frequency is
0.5 Hz. Electrical stimulation and electromyographic recordings
were ﬁltered through a 5 Hz to 3 kHz band pass (gain: 500 mV/
division; analysis time: 50 ms). Usually, a stable AMR was recorded
at a stimulation intensity level of 5e15 mA. To avoid nerve fatigue,
the AMR was evoked with a 5-min interval before dura opening.
Once the dura was opened, the AMR was recorded continuously
until the end of the operation. During the decompression of culprit
vessels, the AMR may decrease in amplitude or frequency. At that
moment, we would increase the stimulation intensity to the
maximal value of 100 mA. If this still did not induce the AMR, we
would consider the facial nerve to be completely decompressed.2.3. Operative procedure
The surgery was performed with a standardized procedure as
described previously.6,14e18 The retro-mastoid microsurgical
approach was performed while the patient was in the lateral
decubitus position. After the edge of the sigmoid sinus was iden-
tiﬁed, the dura mater was opened. The VIIth and VIIIth cranial
nerves were approached inferolaterally. With the arachnoids being
opened, gentle retraction of the cerebellumwas used to expose theTable 1

















AMR-disappeared 220 205 15 214 6 215 5
Non-AMR-disappeared 21 12 9 14 7 14 7
Total 241 217 24 228 13 229 12
P value <0.01 <0.01 <0.01
HFS (): the spasm disappeared or the symptom (frequency and degree) improved
more than 75%; HFS (þ): the spasm decreased less than 25% or unchanged.entire intracranial facial nerve. The offending vessel was moved
away from the nerve and a soft shredded Teﬂon was put between
them. At the time when the AMR-disappeared, we believed
a satisfactory decompression was obtained and the operation was
over by then. When the AMR was found to be persistent despite
decompression had been done, we kept looking for any other
suspected underlying causes such as possible compression by
another vessel until we conﬁrmed that there was no further neu-
rovascular conﬂiction in the entire nerve root course.
2.4. Outcome evaluation
All patients were evaluated at day 1, day 90, day 180 post-
operatively. The postoperative result was considered ‘relief’ when
the spasm disappeared or the symptom (frequency and degree)
improved more than 75%, ‘no relief’ when decrease in spasms was
less than 25% or unchanged.
2.5. Statistical analysis
Data processing was performed using commercial available
software (SAS, version V8). Chi-square test and grouped t test were
used to assess the correlation between the intraoperative AMR and
the clinical outcome. The level for statistical signiﬁcance was
a probability value of less than 0.05.
3. Results
3.1. AMR ﬁndings
With intraoperative facial EMG monitoring, an AMR wave with
a latency of around 10ms after stimulationwas observed before the
decompression in all the 241 cases. Except for 21 patients (8.7%), an
apparent disappearance of AMR was observed in most of the
patients (91.3%) at the end of the surgery. (Fig. 1). It occurred on
dura opening in 47, and after the decompression in 173. However,Table 2







Age (yrs) 53  2.3 53  2.7 0.07
Duration of
symptom (yrs)
6  0.5 6  0.5 0.09
Sex (M/F) 10/56 45/130 0.08
Side (rt/lt) 42/24 93/82 0.14
Fig. 2. AMR guiding the MVD process. In this case, the posterior inferior cerebellar artery (PICA), raised from a tortuous vertebral artery (VA) and contacted the facial nerve, might
thought to be the offending vessel without AMR monitoring (A). However after decompression of the artery, the AMR didn’t disappeared (B), which drove the surgeon to search the
real conﬂiction continually. After the acoustic nerve was retracted off, an anterior inferior cerebellar artery (AICA) contacted the nerve rostrally was realized. The AMR was ﬁnally
disappeared following the AICA was mobilized away from the nerve. (C, D).
q
The real conﬂict site.
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Fig. 3. Apparent changes of AMR in some postoperative improved patients. The amplitude of AMR decreased >80%.
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operation. With reviewing the video recordings attentively, the
durawas opened again in 5, whomwere suspected of an unsatisﬁed
decompression or the real offending artery being missed. A thor-
ough exploration of entire VII cranial nerve course was then
resumed till the AMR was eventually vanished. Postoperatively, all
those patients with double check experienced spasm resolution.
Meanwhile, among the other 5, whom were believed a satisﬁed
MVD had been done, 4 still had HFS.3.2. Correlation between AMR and outcomes
Day 1 postoperatively, the spasm had completely stopped in 217
of the 241 patients (90.0%). 24 patients still had spasm; they were
15 in AMR-disappeared group and 9 in non-AMR-disappeared
group.
Day 90 postoperatively, 11 patients improved and the residual
13 still had spasm. They were 6 in AMR-disappeared group and 7 in
non-AMR-disappeared group.
Day 180 postoperatively, another 2 patients improved and the
remained 11 patients still had spasm. They were 4 in AMR-dis-
appeared group and 7 in non-AMR-disappeared group.
Finally, 229 patients relieved. Among them, 215 were in AMR-
disappeared group and 14 in non-AMR-disappeared group. The
correlation between AMR abolition and symptom disappearance
was signiﬁcant (p< 0.01). (Table 1). Yet, the demographic datawere
not signiﬁcantly different between groups (Table 2), which indi-
cated that the disappearance of the AMR has no relation with the
age, duration of symptom, sex or suffered side.
The sensitivity was 94.5%, 93.9%, 93.9% at day 1, day 90 and day
180 postoperatively. The speciﬁcity was 37.5%, 53.8%, 58.3%, and the
accuracy was 88.8%, 91.7%, 92.1%, respectively.3.3. Complications
There was no mortality or severe complication occurred post-
operatively with the exception of transient conductive-type
hearing impairment and ear fullness in 7 (2.9%), immediate facial
weakness in 5 (2.1%), delayed facial weakness in 11 (4.6%), cere-
brospinal ﬂuid leak in 3 (1.2%).4. Discussion
Several studies have suggested that intraoperative monitoring
of the AMR is useful for identifying the offending vessels and for
conﬁrming a successful decompression of the facial nerve.14,19e22
The phenomenon of AMR-disappeared after decompression may
attribute to elimination of the spontaneous or ectopic excitation
resulting from the pulsatile compressive force of the offending
vessel.8,14 Basically, the AMR-disappeared after interposition of
Teﬂon balls. Nevertheless, in some case of our series, AMRs dis-
appeared as soon as the arachnoid was opened. Upon dissection of
the offending vessel, it reappeared and then disappeared again
after the decompression was ﬁnally accomplished. A similar
experience that AMR-disappeared after drainage of cerebrospinal
ﬂuid was reported in previous studies.7,13,15,23e25 The outﬂow of
cerebrospinal ﬂuid also causes a shift in the neurovascular relation
temporarily equivalent to decompression, and these events are
reversible.7,12,23,26 Therefore, it is important to continue AMR
monitoring until the end of the surgery. Otherwise, it would
preclude identiﬁcation of the real offending vessel.19,20
The fact that those patients from the AMR-disappeared group
showed a better postoperative outcome than those from the non-
AMR-disappeared group at the present study indicated that the
intraoperative AMR monitoring was helpful to predict the prog-
nosis of MVD for HFS. Similarly, it has been reported that the chance
of being cured if the AMR was abolished during surgery was 4.2
times greater than when the AMR persisted.27 Eventually, the AMR
has been suggested as an intraoperative guide to ensure an
adequate decompression of the causative nerve.8,12,13,19,20,28e30
It has been commonly believed that the target of MVD should be
anterior inferior cerebellar artery (AICA) or posterior inferior cere-
bellar artery (PICA) in root exit zone (REZ).2,16,20,22 With AMR
monitoring,we found that sometimes it could be caused bymultiple
vessels or arterioles, and in some cases the conﬂicting site was
beyond the REZ, which was also described in other reports.16,23,30,31
Here is one of the illustrative cases. In this case, the PICA, branched
from a tortuous vertebral artery (VA) and contacted the facial nerve
was ﬁrst regarded as the offending vessel. However after decom-
pression of the artery, the AMR did not disappear, which drove the
surgeon to search the real conﬂiction continually. After the acoustic
nerve was retracted off, an AICA contacted the nerve rostrally was
realized.After theAICAwasmobilizedaway fromthenerve, theAMR
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remain despite decompression at a ﬁrst site could drive the neuro-
surgeon to search for another site of vascular compression should be
developed.19,20 Moreover, if the AMR reappeared by the end of the
operation even at themoment the dura had been closed, it isworthy
of reopening and making a double check unless the surgeon could
ensure that a thorough decompression had been performed after
reviewing the video records.32
Nevertheless, some authors argued that there was no correla-
tion between intraoperative AMR changes and HFS relief.14,16,21,22,33
Since they found some patients in non-AMR-disappeared group
were also relieved from HFS after MVD. We do found that 11
patients with residual symptoms at ﬁrst day of the surgery tended
to exhibit gradual improvement during the 6-month follow-up
period. However, this rate of delayed relief was not that high
compared to the other reports. At the present study, we did ﬁnd 14
relieved patients without AMR-disappeared. Yet, it was noticed that
the shape of their AMR waves changed signiﬁcantly, which char-
acterized by more than 80% decrease in amplitude (Fig. 3). There-
fore, we assumed that the false-positive rate may be attributable to
the judgment criteria. Eventually, we believed that a disappearance
of AMR is an indication of a satisﬁed decompression. Nevertheless,
when a decrease in AMR amplitude of more than 80% was moni-
tored, a complete decompression may also achieved and the
patient may still have chance to improve.34
Inparticular, we tracked the 10 AMR-reappeared patients. All the
5 with double check experienced spasm resolution, while 4 of the 5
without dura-reopening still had HFS postoperatively. It highly
recommended that AMR persistence or reappearance may result
from incomplete decompression or a residual compressing vessel.5. Conclusion
In this large series we have demonstrated that AMR monitoring
might be an effective assistant to accomplish a satisﬁed decom-
pression. The disappearance or signiﬁcant change of AMR at the








Dr. Ying monitored intraoperatively and recorded the AMR data
and wrote the paper.
Drs. Li and Zhong performed the MVD surgeries.
Dr. Zhong designed the study and editored the manuscript.References
1. Heuser K, Kerty E, Eide PK, Cvancarova M, Dietrichs E. Microvascular decom-
pression for hemifacial spasm: postoperative neurologic follow-up and evalu-
ation of life quality. Eur J Neurol 2007;14:335e40.
2. Campos-Benitez M, Kaufmann AM. Neurovascular compression ﬁndings in
hemifacial spasm. J Neurosurg 2008;109:416e20.
3. Moller AR. Vascular compression of cranial nerves: II: pathophysiology. Neurol
Res 1999;21:439e43.
4. Sindou MP, Polo G, Fischer C, Vial C. Neurovascular conﬂict and hemifacial
spasm. Suppl Clin Neurophysiol 2006;58:274e81.
5. Moller AR, Moller MB. Microvascular decompression operations. Prog Brain Res
2007;166.6. McLaughlin MR, Jannetta PJ, Clyde BL, Subach BR, Comey CH, Resnick DK.
Microvascular decompression of cranial nerves: lessons learned after 4400
operations. J Neurosurg 1999;90:1e8.
7. Haines SJ, Torres F. Intraoperative monitoring of the facial nerve during
decompressive surgery for hemifacial spasm. J Neurosurg 1991;74:254e7.
8. Moller AR, Jannetta PJ. Physiological abnormalities in hemifacial spasm studied
during microvascular decompression operations. Exp Neurol 1986;93:584e600.
9. Valls-Sole J. Electrodiagnostic studies of the facial nerve in peripheral facial
palsy and hemifacial spasm. Muscle Nerve 2007;36:14e20.
10. Esteban A, Molina-Negro P. Primary hemifacial spasm: a neurophysiological
study. J Neurol Neurosurg Psychiatr 1986;49:58e63.
11. Moller AR. Interaction between the blink reﬂex and the abnormal muscle
response in patients with hemifacial spasm: results of intraoperative record-
ings. J Neurol Sci 1991;101:114e23.
12. Moller AR, Jannetta PJ. Monitoring facial EMG responses during microvascular
decompression operations for hemifacial spasm. J Neurosurg 1987;66:681e5.
13. Isu T, Kamada K, Mabuchi S, Kitaoka A, Ito T, Koiwa M, et al. Intra-operative
monitoring by facial electromyographic responses during microvascular
decompressive surgery for hemifacial spasm. Acta Neurochir (Wien) 1996;138:
19e23. discussion 23.
14. Joo WI, Lee KJ, Park HK, Chough CK, Rha HK. Prognostic value of intra-operative
lateral spread response monitoring during microvascular decompression in
patients with hemifacial spasm. J Clin Neurosci 2008;15:1335e9.
15. Moller AR. Vascular compression of cranial nerves. I. History of the microvas-
cular decompression operation. Neurol Res 1998;20:727e31.
16. Sindou MP. Microvascular decompression for primary hemifacial spasm.
Importance of intraoperative neurophysiological monitoring. Acta Neurochir
(Wien) 2005;147:1019e26. discussion 1026.
17. Zhong J, Li ST, Xu SQ, Wan L, Wang X. Management of petrosal veins during
microvascular decompression for trigeminal neuralgia. Neurol Res
2008;30:697e700.
18. Zhong J, Zhu J, Li ST, Guan HX. Microvascular decompressions in patients with
coexistent hemifacial spasm and trigeminal neuralgia. Neurosurgery; 2011; Jan
6 [Epub ahead of print].
19. Kong DS, Park K, Shin BG, Lee JA, Eum DO. Prognostic value of the lateral spread
response for intraoperative electromyography monitoring of the facial
musculature during microvascular decompression for hemifacial spasm.
J Neurosurg 2007;106:384e7.
20. Yamashita S, Kawaguchi T, Fukuda M, Ito Y, Hasegawa H, Tanaka R. Abnormal
muscle response monitoring during microvascular decompression for hemi-
facial spasm. Acta Neurochir (Wien) 2005;147:933e7. discussion 937e938.
21. Hatem J, Sindou M, Vial C. Intraoperative monitoring of facial EMG responses
during microvascular decompression for hemifacial spasm. Prognostic value
for long-term outcome: a study in a 33-patient series. Br J Neurosurg
2001;15:496e9.
22. Polo G, Fischer C, Sindou MP, Marneffe V. Brainstem auditory evoked potential
monitoring during microvascular decompression for hemifacial spasm: intra-
operative brainstem auditory evoked potential changes and warning values to
prevent hearing losseprospective study in a consecutive series of 84 p.tients.
Neurosurgery 2004;54:97e104. discussion 104e106.
23. Park JS, Kong DS, Lee JA, Park K. Hemifacial spasm: neurovascular compressive
patterns and surgical signiﬁcance. Acta Neurochir (Wien) 2008;150:235e41.
discussion 241.
24. Mooij JJ, Mustafa MK, van Weerden TW. Hemifacial spasm: intraoperative
electromyographic monitoring as a guide for microvascular decompression.
Neurosurgery 2001;49:1365e70. discussion 1370e1361.
25. Neves DO, Lefaucheur JP, de Andrade DC, Hattou M, Ahdab R, Ayache SS, et al.
A reappraisal of the value of lateral spread response monitoring in the treat-
ment of hemifacial spasm by microvascular decompression. J Neurol Neurosurg
Psychiatr 2009;80:1375e80.
26. Li CS. Varied patterns of postoperative course of disappearance of hemifacial
spasm after microvascular decompression. Acta Neurochir (Wien)
2005;147:617e20. discussion 620.
27. Sekula Jr RF, Bhatia S, Frederickson AM, Jannetta PJ, Quigley MR, Small GA, et al.
Utility of intraoperative electromyography in microvascular decompression for
hemifacial spasm: a meta-analysis. Neurosurg Focus 2009;27:E10.
28. Moller AR, Jannetta PJ. Hemifacial spasm: results of electrophysiologic recording
during microvascular decompression operations. Neurology 1985;35:969e74.
29. Moller AR, Jannetta PJ. Microvascular decompression in hemifacial spasm:
intraoperative electrophysiological observations. Neurosurgery 1985;16:612e8.
30. Murakami H, Kawaguchi T, Fukuda M, Ito Y, Hasegawa H, Tanaka R. Monitoring
of the lateral spread response in the endovascular treatment of a hemifacial
spasm caused by an unruptured vertebral artery aneurysm. case report.
J Neurosurg 2004;101:861e3.
31. Zhong J, Zhu J, Li ST, Li XY, Wang XH, Yang M, et al. An analysis of failed
microvascular decompression in patients with hemifacial spasm: focused on
the early reoperative ﬁndings. Acta Neurochir (Wien) 2010;152:2119e23.
32. Zhong J, Li ST, Zhu J, Guan HX. Is entire nerve root decompression necessary for
hemifacial spasm? Int J Surg; 2010 Dec 22 [Epub ahead of print].
33. Kiya N, Bannur U, Yamauchi A, Yoshida K, Kato Y, Kanno T. Monitoring of facial
evoked EMG for hemifacial spasm: a critical analysis of its prognostic value.
Acta Neurochir (Wien) 2001;143:365e8.
34. Shin JC, Chung UH, Kim YC, Park CI. Prospective study of microvascular
decompression in hemifacial spasm. Neurosurgery 1997;40:730e4. discussion
734e735.
